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Dear Sir/Madam,

JOINT BCA / ACES / IES CIRCULAR 2019

GUIDE ON THE FORMAT OF SUBMISSION FOR STRUCTURAL PLANS

Objective
This circular aims to provide a guide on the format of structural plan submissions for
Qualified Persons (QPs) and Accredited Checkers (ACs).

Background

2 Regulation 9 of the Building Control Regulations 2003 sets out the particulars to be shown
on detailed structural plans and design calculations. In collaboration with ACES/IES, BCA has
developed a guide on the format of structural plan submissions.

Guide on Format of Submission

3 The guide (refer Annexes A1, A2 and B) has been developed based on industry’s
comments and good practices from plan submissions. The templates in Annexes A1 and A2
provide a systematic listing of the structural elements for QPs and ACs to identify the structural
elements designed/checked in their submissions. Annex B provides a guide on what could be
included in design calculations which helps to clearly demonstrate the design of structural
elements in a building.

4 To speed up the preparation of Annex A1 to list the structural elements designed and
checked, QPs and ACs are advised to use the recommended design workflow involving data
exchange between the structural analysis and design model and the BIM model as given in Annex
C. This workflow is intended to allow for a more automated process of listing out the summary of
structural elements. We will be organising briefing sessions to share on the proposed format of
submission and the recommended design workflow. More details will be provided via Corenet at
a later date.

5 Notwithstanding the contents and objective of this circular, ACs continue to have a non-
delegable duty under Section 7 of Building Control (AC and ACO) Regulations to review the
structural design in the plans of building works and perform their original calculations.

6 Please disseminate the contents of this letter to your members.
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For Clarification
7 Please contact Mr. Tan Yu Jun at tel 1800 342 5222 or submit your enquiry through BCA’s
Online Feedback Form at https://www.bca.gov.sg/feedbackform/, if you need any clarification.

Thank you.

Yours faithfully

B, o 4

Er. CHANG BEK MEI Er. CHUA TONG SENG Prof YEOH LEAN WENG
DIRECTOR PRESIDENT PRESIDENT
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Summary for Design and Checking of Structural Elements
[to be submitted together by QP and AC]

Project Ref. No. :

Project Description:

Annex A1

ST Ref No. :

Summary of Structural Elements Sheet

AC should ensure that he has checked all the key structural elements.

S/N Type of Element QP AC'
structural markings in - —>
elements* structural Design Calculations
plan Element Page Element Page
markings® | numbers | markings® | numbers
1 Footing F1to F4, F4a, | Same as plan | 5-15 Same as 5-18
F5to F7 plan
2 Level 1 1B1to 1B10 A-11to A-10 16-30 Same as 19 - 39
Beams plan
3 Level 2 2B1 to 2B5, A-11to A-20 | Referto | Same as 40 - 60
Beams 2B6 (transfer), Level 1 plan
2B7to 2B10 Beams
4 Typical 3B1 to 3B10, A-21to A-40 | 31-55 Same as 61-90
Floor 4B1to 4B10 plan
Beams
5 Columns 1C1 to 1C8, Same as plan | 56-71 C1-C28 91-115
2C1 to 2C8,
2C9to 2C10
(transfer),
3C1to 3C10
6 Slabs S1-S10 Same as plan | 72-90 NA NA
7 Steel Details A - G Same as plan | 91-101 Same as 116-126
Connections plan




Annex A1

S/N

Type of
structural
elements*

Element
markings in
structural
plan

QP

AC’

Design Calculations?

Element
markings?

Page
numbers

Element Page
markings® | numbers

* All structural elements in the project to be designed/checked, e.g. piles/ earth retaining structures/
retaining walls/ columns/ walls/ beams/ slabs/staircase/barrier.

Stamp & Signature of Qualified Person

Stamp & Signature of Accredited Checker

' AC to indicate ‘NA” for elements not checked for under his scope.
2 Design calculations shall be as defined in Building Control Regulations Section 9.
3 Where QP/AC indicates element markings in design calculations as “same as plan” or equivalent, all the
structural elements listed under “Element markings in structural plan” shall be deemed to be designed and
checked by QP/AC.

July 2019




Summary for Design and Checking of Structural Elements
[to be submitted by QP and AC separately]

Project Ref. No. :

Project Description:

ST Ref No. :

Annex A2

Grouping of Structural Elements Sheet

S/N | Type of Element markings | Designed structural Remarks
structural | in structural plan elements that are similar
elements*
1 Beam 3B1, 3B2, 3B3, 3B4, | 2B1, 2B2, 2B3, 2B4, 2B5 Typical floor
3B5
or or
or
[to indicate N.A. if there is
N.A. N.A. no grouping in the design]

* All structural elements in the project to be designed/checked, e.g. piles/ earth retaining structures/ retaining
walls/ columns/ walls/ beams/ slabs/staircase/barrier.

Stamp & Signature of Qualified Person/ Accredited Checker

July 2019




Annex B

Format of design calculations and essential information to include

(1) Design calculations should be in PDF format that is able to allow searching
base on key words

(2) For the Structural Summary Sheet, to provide a synopsis of the structural
design giving —

(i) a general description of the foundation and structural system and the
basic anatomy of stability by which the applied loads are transferred to

the ground; and

(i) design method, assumptions, codes used and limitations of stresses and
deformation

(3) For the analysis software used, it should include

+ Design input data with computer-generated graphics or hand sketch
showing the framing & layout of the structure, location of nodes & elements,
joint fixity, element section assignments (refer to Figures 1 to 3), loadings
(refer to Figures 5 & 6), materials, etc.

+ the floor layouts with markings of all structural elements (refer to Figure
4)

« summary of salient output results (including pictorial illustrations) e.g.
the design envelopes of moment, shear, displacement of the most critical
cases for the design and check of the applied forces against the output
overall reaction (refer to Figures 7 to 12)

» the interpretation and application of the computer output in the design;

(4) Essential information on the design to resist wind load, including—
* a general description of the wind-resisting system and mathematical
modelling;
« diagrams illustrating the location and identification of all structural frames
and members in the wind-resisting system;

« principal reactions (moments, shear forces and axial forces) in the wind-
resisting elements; and

« a summary of equilibrium checks on applied lateral forces and calculated
reactions of vertical structural members at foundation and other critical
levels where there is a major change in structural configuration

July 2019



Annex B

(5) Essential information on the design to resist dead and imposed loads, including—

July 2019

the design data on dead and imposed loads (including allowance for
partitions, screeds, dynamic effects and the like); and

a summary of principal reactions (moments, shear forces and axial
forces) in vertical structural members at foundation and all floor levels;
Details of the design of major transfer members where the failure of which
would induce cumulative instability; and

Details of the design of cantilevered canopies, balconies and major
structural appendages



Annex B

Examples of framing and layout of the structure in Design Calculations

Fig. 1 - 3D illustration of analysis model

July 2019



Annex B

3rd Storey Beam Assignment
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Fig. 2 - Plan layout with beam/slab section properties in design calculations
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COLUMN PROPERY ASSIGNMENT
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Example of presentation of element markings in Design Calculations if they are different from plan

To show in Design calculation
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Shown in Structural plan

Fig. 4 - Beam layout in design calculation and structural plan
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Annex B

Examples to show load inputs clearly in Design Calculations
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Fig. 5 - Visual representation of loadings on slabs
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WALL LOAD (kN/m)

Fig. 6 - Visual representation of loadings on beams
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Annex B

Examples of Summary of salient output results (including pictorial illustrations)

B11 - Aend N [kN]| Mx [kNm]}| My [kNm][ Mz [kNm] Wy [kN]| Wz [kN] Load combinations
(Axial force -1358 -27 -113.8 -3 -10.1 26.9[Load ination-1
(Compression -1258 27 -113.6 -31.1 -10.1 26.8|Load combination-1
Torsion - Mx -104.1 5 -1328.0 -28.1 -0.2] 38.6 [Load inati
[Bending - My -104.1 5 -133.8) -28.1 -8.2 38.6|Load combination-23
[Bending - Mz 015 -3.0 X -33.3 -11.1 B.3|Load ination-1
Shear - Vy 215 -20 -33.3) -11.1 B.3|Load 1
[Shear - Vz -104.1 L] -28.1 -0.2] 38.8|Load combination-23
B11 - B end N [kN]| Mx [kNm]){ My [kNm]| Mz [kNm] Wy [kN] Wz [kN] Load combinations
(Axial force -1064 -27 241 128 -10.1 26.8 [Load ination-1
(Compression -1064 27 21 128 -10.1 26.8|Load combination-1
Torsion - Mx 722 -28 0.0 14.8 -11.0) 23.3|Load inati
Bending - My -76.5 -28 24 1.7 -2.1 26.68|Load combination-25
722 -28 0.0 148 -11.0) 23.3 |Load 1
722 -8 0.0 14.8] -11.0) 23.3[Load ination-1
-100.9 -20 24 124 -9.8] 28.1|Load combination-3
B12 - A end M [kN]| Mx [kNm]}| My [kNm][ Mz [kNm] Wy [kN] Vz [kN] Load combinations
|Axial force -5259 -241 0.0 0.0 -28.0| 235.7 |Load inati
|Compression -5350 -241 00| 0.0 280 238 7|load combination-§
Torsion - Mx -5247 -249 0.0 0.0 -30.8) 2458 |Load inati
Shear - Uy -4872 -2240 0.0 0.0 -3332| 270 3|Load ination-15
[Shear - Vz -510.8 -229 0.0] 0.0 -132] 264.5|Load ination-3
B12 - B end N [kN]| Mx [kNm]| My [kNm]| Mz ,kNm]] Vy &N]] vz [kN]] Load combinations
Axial force -5245 -241 71.0 8.7 -28.0| 235.7 |Load inati
[ ion -5245 -241 71.0] 8.7 -200| 235 7 |Load ination-§
Torsion - Mx -5234 -248 4.8 8.2 -30.8 248.8|Load
[Bend M -5003 -2249 72.3 4.0 -13.3] 264.5|Load combination-3
[Bending - Mz -48538 -229 888 10.0 -33.2) 2203 |Load ination-15
Shear - Wy -4852 -220 88.8 10.0 -333 220.3|Load ination-15
[Shear - Vz -508.2 -229 723 4.0 -13.2] 264 5|Load ination-3
B13 - A end N [kN]| M [kNm]| My [RNm]| Mz kNm]| Wy [kN]] vz [kN]] Load combinations
Axial force -5264 o 0.0 0.0 28.9 -247.0|Load 2
[ ion -5264 7a 0.0] 0.0 20.0] -247.0|Load ination-2
Torsion - Mx -526.2 289 0.0 0.0 45 -261.9 |Load
hear - Wy -4889 288 0.0 0.0 45.8) -243.4|Load combination-15
Mz 5114 258 0.0 0.0 43.6 -272.8|Load
B13 - B end N [kN]| Mix [kNm]| My [RNm]| Mz kNm]| Vy [kN]] vz [kN]] Load combinations
\Axial force -525.0 270 -74.1 -2.0] 20.9] -247.0{Load combination-2
(Compression -525.0 27a 141 -2.0] 20.9 -247.0|Load ination-2
Torsion - Mx -5248 200 -78.6 -13.6 45 -261.0 |Load ination-4
-510.0 258 -81.7) -13.1 43.6 -272.8|Load combination-7
4875 288 -73.0 -137] 456 -242 4 |Load ination-15
4875 288 -13.0 -13.7) 45.6) -243.4 |Load combination-15
-5100 258 -31.7] -13.1 436 -272.8 |Load inati
B15 - Aend N [kN]| M [kNm]| My [RNm]| Mz [kNm]| Wy [kN]] vz [kN]]  Load combmnatons
|Axial force 435 0.0 22.9 01 0.0 -87.2|Load combination-19
|Compression 435 0.0 229 0.1 0.0 -£7.2|Load ination-12
[Bending - My 435 0.0 229 01 0.0, -87 2|Load ination-19
[Bending - Mz -38.3 0o 25.0 -0.5 -0.1 -51.8[Load combination-13
Shear - Wy =376 0.0 2518 -0.3] -0.2| -80.0|Load inati
[Shear - ¥z 420 0o 28.3 0.0 0.0 -24.8|Load combination-3
B15 -Bend N [N][ M [khen]] My [kNm]] Mz fehm)] Wy (RN][  Vz [GN]] Load combinations
Axial force -354 0.1 30.8 -0.1 0.0 76.3 [Load
|Compression 354 01 30.8 -0.1 0.0 76.3|Load combination-1
Torsion - Mx -354 0.1 30.8 -0.1 0.0 76.3 [Load ination-1
[Bending - My 354 0.1 30.8 -0.1 0.0 76.3 [Load ination-1
[Bending - Mz -26.8 0o 231 -0.3 02 £8.1|Load combination-1

Fig. 7 - Summary of salient output results
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Examples of Summary of Design in Design Calculation
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Table 1.1 - Beam Forces (Part 1 of 2, continued)

Load  Station

|

LS+t
LS+t
ULS+hotk
LS+t
ULS+hotk
LS+t
ULS+hotk

uLs

m
485
520
520
579
620
678
T
T2

7.525

04
085
13
175
22
265
265
300
353
397
441
485
529
529
570
620
678
T
TH
7.525
04
07
o7

1.106
1512
1918

P

-60.7527

-18.2342
-18.2342
-15.2180
-152180
-152180
-152180
-152188
-152182
-12 5758
-14 5750
-14 5750
-14 5750
-14 5750
-14 5750
-14 5750
-13.8431
-13.8431
-13.8431
-13.8431
-13.8431

vz
kN
53341
6.0804
152.3065
1532445
1540028
154.0407
1557683
2404035
240.8021
-168.5327
-167 7805
-167.0062
-168.243
-185.4707
-164.7165

-201.6625
40571
4.8001

V3
kN
0.045
00413
D.1872
0.1829
D787
01745
D702
-11.4238
-11.4238
01122
D112
01122
D122
01122
D122
0.0385

T M2 M3
kN-m kN-m kN-m
-0.0012 00342 | 357.2040
-0.0012 00532 | 364.7837
00012 01786 | 3547837
00012 02602 | 283.3534
00012 03586 | 2115191
-0.0012 04470 | 1342608
-0.0012 -0.534 56.5784
00012 -26848 | 56.5417

0.0012 o 1}
-0.0008 0 o
-0.0008 0.0508 75.808
-0.0008 -0.101 1508925
-0.0008 01515 | Z25.9736
-0.0008 -0202 | 3008112
-0.0006 02525 | 374.9053
-0.0006 01205 | 374.9253
-0.0006 0.1031 374.058
-0.0006 00857 | 372.8583
-0.0006 00663 | 371.3322
-0.0006 00508 | 2804778
-0.0006 00335 | 367.2040
-0.0008 00161 | 247338
-0.0008 02861 | 3787
-0.0008 03087 | 283.3534
-0.0008 05M3 | 2115101
-0.0008 06080 | 1342608
-0.0008 07066 | 56.5784
-0.0008 -36013 | 56.5418
-0.0006 0 1}
-0.0003 0 1}
-0.0003 00809 | 1411270
-0.0003 0.0es | 1411012
-0.0003 0.01e8 | 2807702
-0.0003 0.0205 | 3801567
-0.0003 0.0215 | 4002905
-0.0003 0.0223 | G13.0988
-0.0003 0023 | 730.6505
-0.0003 0.0208 | 735.6368
-0.0003 0.0142 | THETIS
-0.0003 0.009 TR2.I37I7
-0.0003 0.003 TH.T7407
-0.0003 -0003 | TH.ITE2
-0.0003 -0008 | TI34Te4
-0.0003 -00%48 | T19.5443
-0.0003 0.0144 | T10.8501
-0.0003 0.0115 | 575.5058
-0.0003 0.0085 | 432.8432
-0.0003 0.0058 | 283.8714
-0.0003 0.0028 | 144.5003

Story Beam
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | B7
Mezzanine | BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | B7
Mezzanine | BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | BT
Mezzanine | B7
Mezzanine | BT
Mezzanine | BT
Mezzanine | B11
Mezzanine | B11
Mezzanine | B11
Mezzanine | B11
Mezzanine | B11
Mezzanine | B11

[
3

gaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaﬁ

Table 1.1 - Beam Forces (Part 1 of 2, continued)

i
{

uLs

ULS#NotX.

ULS#NotX.

ULS#NotX.

ULS+Notx.

ULS+Notx.

ULS+NotX.

ULS#Notx.

ULS#NotX.

ULS#NotX.

ULS#NotX.

ULS+Not

ULS+MNotY

ULS+NotY

ULS#MNot

ULS#Not

ULS#Not

ULS#Not

ULS+Not

ULS+MNotY

ULS+NotY

ULS+Not

uLs

uLs

uLs

Fig. 10 - Summary of beam design with beam labels

175

285

P
kN
-13.8431
-16.2784
-16.2734
-15.2748
-15.2748
-15.2746
-15.2746
-15.2748
-15.2746
-14.B603
-14 8603
-14.8503
-14.B503
-14.8503
-14.8603
-14.8603
-14.4001
-14.4001
-14.4001
-14.4001
-14.4001
-14.4001
-15.8470
-15.8505
-14.2834
-142:0
-14.2053
-14 2387
-14.3022
-14.3056
-12.3184
-13.3232
-13.3280
-13.3307
-13.3344
-13.3382
-13.342
-12.6846
-12 GBaz
-126218
-126035
-1z2.6801
-12T027
5TB4T
57B47
5TB4T
57847
5TB4T
57847

vz
kN
33312
-470.6809
4T0ATH
-205.0258
“Zo4A0T
2037184
-203.0287
-282.3411
-281.6525
410571
48091
5561
6.312

78180

3353500
335.0842
3358084
337 5327

a8
-470.6209
470172
-205.0258

2037183
-203.0207
202341
-201.6525
410571
4.8091

V3
kN
0.0067
00171
0.0145
-0.0043
-0.0083
00117
00152
-0.0136
0021
0.0201
00164
0.0128

0.0051
0.0013

00174
0037
a.0101

-0.0007

-0.0131
-0.0145
-0.0143
00177
00111

0.0011
0.0013

Annex B

4002603
B15.0006
736 6503
736 6385
T3ETI2
TXITE
T20 744
T26.775
7224782
T10.8441
7188501

432 8432
2BBET14
144 5003

141.1270
141.1012

3801507

815.0008
T36.6505
736.6388
T3ET15
TI23T28
T20.7407
T26.7752
T23.4T04
T18.6443
T18.8581
576.5058
432 8432
2BEET14
144 5003

150.2842
440 821

50,0758
747 823
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ke </ Beam design is easily identified with beam layout markings

ANNEX 2-STOREY BEAM CHECKING

V23

]
]

B0

Frame Section | Location | Comb @ TopArea BotArea Shear TopArea((mm) EotArea(mm) Shear{mm/m) Result
B300X300 650 C107F 763 354 272 3H20 042 3H20 0942 H10-300 524 OKl
5] B300XE00 4500 C109 354 413 272 3H20 942 3H20 942 H10-300 524 0Kl
B19  B300X800 8350 clo7 773 354 72 3H20 942 3H20 942 H10-300 524 OK!
1AZHB25 (300X800)
AC PE
Frame  Section  Location Comb  TopArea BotArea  Shear Top! (mim}) Shear{mm/m) Result
B20 B300X800 650 C107F 763 354 272 3H20 942 3H20 942 H10-300 524 OKl
B20 B300X200 4500 C109 354 414 272 3H20 942 3H20 942 H10-300 524 OKI
B20  B300X800 8350 cl7 774 354 272 3H20 042 3H20 042 H10-300 524 OK!
1A2HB26 (300X800)
AC PE
Frame Section = Location Comb TopArea EBotArea Shear TopArea((mmj) B (mm}) Shear{mm/m}) Result
B21 B300Xa00 650 C107F 757 354 272 3H20 042 3H20 942 H10-300 524 OK!
B21 B300XE00 4500 Cc109 354 414 272 3H20 942 3H20 942 H10-300 524 0Kl
B21 B300X800 8350 c1o7 782 354 72 3H20 942 3H20 942 H10-300 524 OK!
1AZHB2T (300X800)

Fig. 11 - Beam design and beam layout plan shown in design calculations
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Annex B

Axis: D Storey: 1 Material: C30/3T  Grade 500 (Type 2) (Links: Grade 500 (Type 2))
| 1HBE2 L=4100mm | 1HB3 L=3000mm | 1HB4 L=32CIIZImrr|.|
BwxH {mm) 2560 x 800 250 x 800 250 » 600
Flange BfxHf | —_ — | — |
7oy B2 BAD i i
T B e S Rk
i e P ] [ e |
Loads 12:2331441-311 1 ol @ &l zs-ufn 2 3 3 3
UDL G=18.1 G004 kN'm G=181 O=-{0.04 kM %. G=1825 O=0kN'm
134502
Shear ,-'—‘I"'T—_T_T'—T_- L=
Force W
(Enw.} AL
85513
185,903,
Moment
{Env.} | [ " 6 5 S [
= €23 [-gr.1s58
Bending (Top Fdge)
M (kM.m) 17.14 47.24 5519 14.85 B.&B T0.80 185.10
d (mmj 544 548 549 547 547 545 545
KK 004 0.10 012 003 0.2 0.15 0.40
A (mm) 63.58 6B.56 68.56 63.33 G628 68.13 108.54
Asm (mma2) TG 208 244 &6 an K3 L] B40
Asw (mm2) 17 245 250 54 164 201 aar
As (mm2) 76 208 244 66 203 a06 B4g
As’ {mm2) o 0 a 0 1] o 0
As-min 207 207 207 207 207 206 206 205 205
Bending (Bnttam Fdgel
M (kNm) 44 34 GB_58 B.ag 0.37 58.81 62 35 6716 3552
d (mmj) 544 540 548 549 544 548 540 540
KK 010 015 0.02 0.00 0.13 013 014 0.08
x (mm) 68.58 6B.56 68.56 88.56 84.56 64.58 6856 68.58
Asm (mm2) 184 a03 43 2 264 275 206 157
Asv (mm2) 17 140 245 250 183 54 164 201
As (mm2) 303 203 287 252 275 275 286 206
As’ {mm2) 0 0 0 a a 0 0 a
As-min 207 207 207 207 207 207 207 207 207
gn
Vd (kM) B 5064 BROF 4692 18.76 A7.02 134.50
v (Mimm2) 043 D.62 0.83 014 042 0.94
v-Rde (M/mm2) 040 0.00 0.3g 0.39 0.00 040 040 0.00 0.53
v-Rdmax (Mmm2) 475 475 475 475 475 4.75
V-Rd (kM) 28097 28087 28097 28087 28087 28097
Vnom (kM) 28085 230.85 280.85
Td (kN.m) 0.ar 0.0a 027
T-min (kMN.m) 6.82 8.62 6.62
b-sup {mm} o 0 a 0 i} 0
Links H10-300 H10-300 H10-300 H10-300 HA0-200 H10-300 H10-300 HA0-3080 H10-300
Deflection Check _._
Lid T.47 < 107.71 OK | 5.47 < 158.00 OK | 5.33 < 131.19 OK |
Provided Stee| Areae (mmd)
Top Edge 265 285 265 285 285 603 603 947 B42
Edge 203 ao0g 28 Q8 03 208 ] 208 203
Steel Bars ..
Top Bar ZH13 2H13 JH20
Top SupBar 2H13 2H13 IH1a 3H18 AH2D
Top SupBar
Bottom Bar 2H13 2H13 IH13
Bottom Bar
Bot SupBar
Side Bars

Fig. 12 - Beam analysis and design with beam markings (same as structural plan) shown

July 2019

in design calculation



Annex C

Recommended Design Workflow using BIM

Import A&D model with properties
(e.g. element ID, geometry, dimensions, material
properties, support conditions)

|
A&D DATA EXCHANGE between models
MODEL* through available plug-ins

Update A&D model properties
(e.g. geometry, dimensions,
material properties) from BIM
model

*A&D model refers to 3-D model in the analysis & design software

July 2019



